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1 .'NEW

CARDIAC PACEItAKER ELECTROMAGNETIC INTERFERENCE (3050 '4z)

i. TNTRODUCTION

To assess the effects of radio-frequency electromagnetic radiation
on cardiac pacemakers, a series of tests are being performed at the USAF
School of Aerospace Medicine (SAM). This report describes results ob-
tained at two difff.rent test sites: the U.S. Army 'lalter Reed Army
Institute of Research (WRAIR) Microwave Laboratory, Silver Sprinns,
Maryland; and the Georgia Institute of Techncloqy (GIT) Engineering
Experiment Station, Atlanta, Georgii.

For tests conducted at the 3050 :iHz frequency, each of five oace-
makers vlas implanted in anesthetized dogs weighinq 18 - 20 kg., resoective-
ly. As part of the surgical implant procedure, an amount of 10% buffered
formalin solution adequate to produce a total atrioventricular block was
injected in the bundle of His. NIo tests were conducted during the 2 weeks
after surgery.

For the tests performed at GIT, the 3050 MHz microwave radiation
signal was squar:.-wave modulated with a 125 usec. pulse width. The
pulse repetition frequency (prf) was continuously variable from 13 - 400
pulses per second (ops), and the maximum field strenqth obtdined was
365 volts per meter (V./m.) The exposures were conducted in an anechoic
chapter energized by i circularly rolarized log spiral antenna.

At WRAIR, the exposure characteristics included continuous wave
(04), sine wave half-wave rectified, and square-wave modulated siqnals.
The only Drf used for the ioalf-wave rectification mode was 120 Hz. How-
ever, many different pulse width and repetition rate combinations were
investiqated in the study of the square-wave modulation effects. These
exposures were conducted in an anechoic chamber eneroized by a pyramidal
horn, and the maximum field strength obtained was 400 V./n.

II. TEST PROCEDURE

Immediately before the tests, 13 ma. uromazine were administered
I.M. to the respective animal and, 15 min. later, 100 m,-,. sodium rento-
barbital I.V. Thep electrocardioqraphic ',ECG) silver disK electrodes
were attached with oaste to the thorax, and the animal was placed on a
styrofoam Pedestal in the far-field recion of the chamber and on the
center line of the radiatinq device. Acquisition of the ECG sional from
each doq was accomplished with a freque'icy modulateo (FM) telemetry sys-
tem designed and fabricated by the Test and Evaluatirn Section, 'ledical
Systems Division, USAFSI:. The ECG sijnal was obtaied by usinn the
classic chest lead II, and was amplified in the telemetrv transmitter
packaqi by an electrocardiograDhic am olifier (Mennen-Greatb't:h model
621). The amplifier output was used to modulate tie frenucjnc ' of d
field effect transistor radio-fr.2que,icy oscillator operation at 15 'lliz.



The oscillator output was indu:tivelv coupled to a nuarter-wave rod an-
tenna. To minimize degradation of the ECG signal by the microwave field,
the input, amplifier, and RF oscillator sections of the transmitter were
isolated by using electrostatic shields; and all intercorinectinq wires
were vassed through shields in bypass capacitors or EMI filters. The
bandpass of the ECG modulatinq signal was approximately 0.1 - 90 Hz.

A type 901A receiver (Communications Elecrronics, Inc.), which was
used to receive the FM signal, tunes from 39 - 300 41z with a ban4-1idth
of 300 IdIz. The video output section was modified to provide a low re-
quency ECG signal. The receiver video output was fed to a spectrum
analog filter (tyne LH-42D), which was set up as a low nass filter with
a high frequency cutoff of about 100 Hz. The filter output was carried
to a Brush strip-chart recorder.

I1. TEST RESULTS

In the test results (tables !-X!I)* are indicated the follnwinq
effects on tne pacemakers at the indicated power densities and electric
field (E-field) strengths, and for the parameters specified:

No apparent change in rate
Intermittent rhythm and rate changes
Fixed rate
Steady rate between 50 and 120 beats per min. (bpm)
Rate more than 120 bpm
Rate less then 50 bnm
Cutoff (inhibition)

The general findings for the respective pacemakers at test frenuencv
3050 MHz are summarized in thE following oaraoraphs.

Medtronic 5842

This unit was not affected bv 3050 'Hz C1 fields up to 36) ./.
It was, however, generally affected by the square-wave moidulated sinnal
at field strengths of approximately 190 V./n. for transmitter D.rf values
from 400 - 18 Pps. The unit reverted from a baseline rate of 68 hnn to
a fixed rate of 54 bpm for nrf values greater than approximatelv 25 - 35
nps, and was cut off for the repetition rates which were lower. Little
if any chanqe occurred in EMI sensitivity as the pulse width was varied
over the range 3 vsec. - S msec.

General Electric A2072C.

This nacemaker was unaffected by the exposure conditions used in

these tests.

*Editor'..s Note: All tables L.-e nrouped at the clnse of this rerport.
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Aerican Optical 21013 (!on nolar)

This unit was not affected in the GIT exposures; but, during tests
,t WRAIP, the pacer exhibited a gradual decrease in rate from 54 bpr
(baseline rate) to 42 bprn for the C14 exposure. For a Drf of 120 bps and
a pulse width of 5 nmec., the baseline rate of 54 bpm graduallv increased
to a maximum of 72 bom as the E-fleld was increased. As the pulse width
was decreased from 5 msec. to 3 urec. at a prf of 120 .1ps and a field
strength of 360 V./m., the pacer rate qradually decreased fror 72 bpm
to its preexposure rate of 54 b"ii.

Cordis Stanicor

The operation of this pacemaker was not affected by C'*1 exnosure for
fields up to 350 V./m. For the pulsed mode, however, the unit nenerally
reverted to its fixed rate for field strength values of approximately
200 V.f!m.

Cordis Atricor

As the transmitter ,)rf was decreased from 430 - 18 pps while 360 './m.
was maintained, this pacer gradually changed from its norral rate of 60 born
up to 130 bo. This change was noted both at G!T for a nulse width of 125
usec. and at 'ARAIR for a 1.5 msec. pulse width. The unit also rwadually
increased ir rate fror 60 tn lCO bpm as the Pulse width was decreased from
5 msec. to 3 usec. while maintainiqn the orf at 120 nips ana field streroth
at 360 V.!r. For repetition rates of 35 and 18 -ps at SIT, the nacer
reverted to the hiqher rate of 190 bpm for field st*P qths Qreater than
330 V./m.

IV. CONCLLSI ONS

Although tnese emoirical results are based on sinqle test samles,
they demonstrate the importance of prf in assessins the I'll of cardiac
pacemakers operatinq in the demand mode. The pacerkkers (whic; are
coinmercially available) in the tests were chosen from those most commonly
used in 1971. in qeneral, after an E-field threshold level of suscenti-
bilitV has been established, the effect (i.e., either reversion to fixed
rate or complete cutrff) apnears orimarilv dependent on the transmitter
or E1 nrf. At pulse rates 1reater than -35 rps, those pacemakers
affected qenerally reverted to their fixed rate. If the oulse rate
was less than -35 pps, the pacer1ker qenerally cut off.
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TABLE I

EfUects on pacemakers tested at 3050 MHz, 400 pps, and 120 jsec. pulse
width (Georgia Institute of Technology)

Pa:emaker Effects mw./cm.2 (V./m.)

Medtronic No aDparent change in rate 0 - 0.11 (95)
5842 Cutoff (inhibition) 0.11 (95) - 17 (365)

Gneral
Electric
A2072D

No apparent change in rate 0 - 17 (365)
American

Optical
281013

Cordis No apparent change in rate 0 - 0.49 (197)
Stanicor Cutoff (inhibition) 0.49 (197) - 0.50 (198)Fixed rate 0.50 (198) - 17 (365)

Cordis No apparent change in rate 0 - 17 (365)
Atricor

!L4



TABLE II

Effects or. pacemakers tested at 3050 MHz, 365 V./m.. and 125 ysec. pulse
width (Georgia Institute of Technoloay)*

Pacemaker Effects prf (in pps)

Medtronic Fixed rate 400 - 27
5842 Cutoff (inhibition) 27 - 18 (95 V./m.)

General
Electric 1 apparent change in rate
A2072D

American
Optical No apparent change in rate 400 - 18
281013

Cordi Fixed rate
Stanicor

Cordis Steady rate between 50 and
Atricor 120 bpmt

* Transmitter prf was gradually decreased from 400 - 18 pps while E-field

was maintaincd at a high level (365 V./m.) through this test.

t Pacemaker rate gradually increased from 60 - 96 bpm.
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TABLE III

Effects on pacemakers tested at 3050 MHz. 18 pps, and 125.hsec. pulse
width (Georgia Institute of Technology)

Pacemaker Effects mw. /cm. ? (V./m.)

Medtronic No apparent change in rate 0 - 0. 0054 (95)
5842 Cutoff (inhibition) 0.0054 (95) - 0.79 (365)

American
Optical No apparent change in rate 0 - 0.79 (365)
281013

Cordis No apparent change in rate 0 - 0.017 (170)
Stanicor Fixed rate 0.017 (170) - 0.79 (365)

No apparent change in rate 0 - 0.54 (300)
Cordis Steady rate betw'een 50 and 0.54 (300) -0.79 (365)

Atricor 120 bpm
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TABLE IV

Effects on pacemakers tested at 3050 MHz, 35 pps, and 125).sec. pulse
widtn (Georgia Institute of Technology)

Pacemaker Effects Mw./cm. 2 (V./m.)

Medtronic No apparent change in rate 0 - 0.0082 (84)
5842 Fixed rate 0.0082 (84) - 1.5 (365)

General
Electric
A2072D

No apparent change in rate 0 - 1.5 (365)
American

Optical
281013

No apparent change in rate 0 - 0.031 (164)
Cordis Cutoff (inhibition) 0.031 (164) - 0.032 (166)

Stanicor Fixed rate 0.032 (166) -1.5 (365)

No apparent change in rate 0 - 0.91 (280)
Cordis Steady rate between 50 and

Atricor 120 bpm 0.91 (280) - 1.5 (365)



TABLE V

Effects on pacemakers tested at 3050 MHz, CW
(Walter Reed Army Institute of Research)

Pacemaker Effects mw./cm. 2 (V./m.)

i' dtronic
5842

No apparent change in rate 0 - 35 (360)

General
Electric
A2072D

American
Optical Rate less than 50 bpm* 0 - 32 (350)
281013

Gordis
Stanicor

No apparent change In rate 0 - 32 (350)
Gordis

Atricor

* Pacemaker rate gradually decreased from 54 - 42 bpm.
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TABLE VI

Effects on pacemakers tested at 3050 AHz and 120 Hz sine wave, half-wave
rectification (Walter -"e'i Army Institute of Research)

acemaker Effects mw. /cm. 2 (V./m.)

Cordis Steady rate between 50 and 0 - 11 (360)
Stanicor 120 bpm*

Ardico No appdrent change in rate 0 - e (310)

*Pacemaker rate gradually increased from 68 - 75 bpm.
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TABLE VII

Effects or. pacemakers tested at 3050 MHz and 120 ppsE square wave
(Walter Reed gAy Institute of Research)

Pacemaker Effects mw./cm. 2 (V./m.)

Medtronic No apparent change in rate 0 - 1.7 (110)
5842 Fixed rate 1.7 (110) - 16 (350)

No apparent change in rate 0 - 1 (90)
Medtronic Cutoff (inhibition) 1 (90) - 5 (190)

Fixed rate E (190) - 16 (350)

General
Electric No apparent change in rate 0 - 19 (380)
A207'D

American

Optical Steady rte between 50 and - 16 (350)
281013 120 bpm*

Cordis Steady rate between 50 and
Stanicor 120 bpmt 0 - 15 (340)

Cord isrdio No apparent change in rate 0 - 16 (350)Atricor

* Pacemaker rate gradually increased from 54 - 72 bpm.

Pacemaker rate gradual1y increased from 68 - 75 bpm.
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TABLE VHI

Effects on pacemakes tested at 3050 MHz. 360 pps. and 3 sec. pulse width
(Wa!w Reed Army Insatute of Research)

Pacemaker Effects mw./cm. 2 (V./m.)

Medtronic 0 - 0.03 (320)
5842

American
Optical 0 - 0.01 (180)
281013 No apparent change in rate

Cordis 0 - 0.03 (320)
&anicor

Cordis 0 - 0.05 (410)
Atricor
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TABLE DC

Effects on pacemakers tested at 3050 IMHz 360 2ps. and 1.5 rsec. pulse
width CWalter Reed Army Instute of Research)

Pacemaker Effects mw./cm. 2 (V-/n.)

Medtronic No apparent change in rate 0 - 1.7 (110)
5842 Fixed rate >1.7 (110)

Medtronic No apparent change m rate 0 - 2.0 (120)
5842 Cutoff (inhibition) 2.0 (123) - 12.0 (290)

General
Electric No apparent change in rate C - 18.0 (350)
A2072D

American
No apparent change in rate 0 - 8.0 (240)281013 Fixed rate 8.0 (240) - 17.0 (340)

Cordis
Atricor No apparent change in rate 0 - 18.0 (250)
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TABLE X

Effects on pacemakers tested at 3050 MHz.,360 V./m.. and '.5 msec. prise
width Walter Reed Army Institute of Research)*

Pacemaker Effects prf (in pps)

Medtronic Fixed rate 360 - 36
5842 Cutoff (inhibition) 36 - 20

Medtronic No appizent change in rate 360 - 40
5842 Cutoff (inhibition) 40 - 20 (290 V./m.)

General
Electric No apparent change in rate 360 - 20
A2072D

AmericanOptical No apparent change in rate 360 - 352dOl3 CLtoff (inhibition) 35 - 20 (370 V./m.)

Cordis No apparent change in rate 360 - 20
Stanicor

Cordis Steady rate between 50 and 360 - 20
Atricor 120 bpmt

* Transmitter prf was gradually decreased from 360 - 20 pps while E-field

was maintained at a high levEl (,360 V./m.) throughout this test.

f Pacemaker ratc gradually increased from 60 - 100 bpm.
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TABLE )a

Effects on pacemakers te.-atd at 3050 MHz. 120 pos, and 5 msec. pulse width

IW~rter Reed AM Institute of Research)

Pacemeaker Effects Smw. fcm.2 (V. im.!

Medtronic No apparent change in rate 0 - 0.1 (25)

5842 Fixed rate 0.1 (25) - 20 (3501

General
Electric No apparent change in rate 0 - 16 (320)

A2072D

Amnrican Steady rate between 50 and

Optical 120 bpm* 0 - 20 (350)
281013

Cordis Steady rate between 50 and

Stanicor 120 bpmt 0- 19 (340)

Cordisoris No apparent change in rate 0 - 19 (340)
Atricor

* Pacemaker rate gradually increased from 54 - 72 bpm.

t Pacemaker rate gradually increased from 68 - 75 bpm.
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IXI
TABLE XII

Effects on pacem es tested at 3050 lHz. 120 .os. andv360 V./m.
(Wafter Reed Am Institute Of Resen*h)

Pacemaker Effas Pulse width

Medtm c Fixed rate

General
Electric No agparent change in rate
A2072D

American Steady rate between 50 and S usec. - 3 )sec.optical 120 bpnt
281013

Cordis Steady rate between SO and
Stamc r 120 bpm*

Cordis Steady rate between 50 and
Auner 120 bpm i

Transmitter pulse width was gradually decreased from 5 msec. tG 3 )Ls-c.

whde maintair.ning a large E-field (-"360 V./m.) throughout this test.

t Pacemaker rate gradually decreased from 72 - 54 bpm.

4 Pacemaker rate gradually decreased from 75 - 68 bpm.

Pacemaker rate gradually increased from 60 - 100 bpm.
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